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This report is one of a group of Ship S t r u c t u r e  Commit tee  Reports
wh ich describes the SL—7 I n s t r u m e n t a t i o n  Prograr . This program , a
j o i n t l y  funded undertaking of Sea—Land Service , In c . ,  the  Am er ican
Bureau of Sh ipp ing and the Ship Structure Committee , represents an
excellent example of cooperation between private industry , r e gu l at o ry
authority and government. The goal of the program is to advance under-
standing of the perf ormanc e of ships ’ hull structures and the ~ffective—
ness of the analytical and experimental methods used in their design .
While the experiments and analyses of the program are keyed to the SL—7
Containership and a considerable body of the data developed relates
specif icall y to that ship, the conclusions of the program will be
comple tely general , and thus applicable to any surface ship structure.

The program includes measurement of hull stresses , accelerations
and environmental and operating data on t he  S .S. s e a — L a n d  McLe an ,
developm ent and ins ta l l a tion of a mic rowave  r a d ar  w i v e m e t t r  f o r
measuring the seaway encountered by the vessel , a wave tank model s t u dy
and a theore tical hv drod ynamic  a n a l y s i s  which r e l a te  to the wave induced
loads , a s t r u c t u r a l  model s t u d y and a t i n i t t  e lt m ii t  s t r u c t u r a l  ana ly s i s
which relate to the structural response , and installation of long term
stress recorders on each of the eigh t vessels of the class. In addition ,
work is underway to develop the initial correlations of the results of the
several progr am elements .

Results of each of the Iroo ram elements are being made a v a i l a b l e
through the Na t iona l  Technical  I n f o rm at i o n  Service , each iden t l t led by
an SL— 7 number and an AD— number .  A l i s t  of a l l  SL—7 r e p or t s  a v a i l a b l e
to date is inc luded in the back of this report.

This report documents the selection and calibration of the data
set drawn from the measurements of waves , stress , r o ll , p itch and
accelera t ion from the modi fied  m icrowave radar and standard Tuck er
wavemeters. The reduction method s employed are Identical to those
documented in repor t SL—7—l 4.
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~ /~~// ~~Henry H. Bell

Rear Admiral , U. S. Coast Guard
Chairman , Ship Structure Coninittee
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p
ABSTRACT

So that more precise correlations between full scale observations
and ana l y ti cal and model resul ts could be carr ied out, one of the objec-
tives of the instrumentation program for the SL—7 class container shi ps
was the provision of instrumen tal m easures of the wave env i ronment.
To this end, two wave meter systems were instal led on the S.S. SEA-LAND
McLEAN . Raw data was collected from both systems during the second
(1973—197k) and third (l97L,~~975) winter data collectin g seasons >~

c4t was the purpose of the present work to reduce this raw data,
to develop and imp l ement such corrections as were found necessary and
feas i b le, and to correlate and eva l uate the fina l results from the two
wave meters . In carryi ng out this work it was necessary to at least
par t ly reduce severa l other channels of recorded da ta, so that , as a
by—prod uct, reduced res u l ts were also obta in ed for mi dsh ip bending
stresses, rol l , pitc h , and two components of acceleraticn on the ship ’s
br id ge..

—As the work progressed it became evident that the volume of docu-
men ta ti on requ i red would gr~~ 

beyond the usual dimensions of a sin gle
technica l report. For this reason the anal yses , the methods, the
deta iled results , d i s c uss i ons, and conclusions are contained in a series
of ten related reports . ~~~~~

~~The present report parallels the first report in the series in
that it doci.a~ents the samp ling and calibrat i on of data from the third
(197k—1975) record ing season, and presents a summary of initial results .
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I NTRODUCT I ON

In the anal ys is of the wave- i nduced ship hull strain data obtained
by SSC in the 1960’s it was necessary to i nfer the wave env i ronment from
esti ma ted Bea ufor t w i nd speeds. An extraordinary amount of work was
required to develop the inferential techn i ques. Thes e techniques appea r
to suffice for valid prediction of long—term trends because a great deal
of averaging is carried out. Unfortunately when verification of short—
term statistica l predict i ons is des i red, the use of w i nd as a wave
env i ronment index appears to be less than satisfactory.

As a consequence it waz one of the objectives of the SL-7 fu ll—
scale instrumentation program to provide a direct instrumental measure
of the wave env i ronment so that more precise correlations could be made
between full—scale observations, and analytk.a l and model results .

To this end the shi p was f i t ted with a micro—wave radar relative
wave meter and various motion sensing dev i ces. A “Tucker Meter” pressure
actuated wave height sens ing system was also instal led .

The purpos e of the present project is to reduce and analyze the
result ing wave meter data obtained on the SEA—LAND McLEAN in the second
(1973— 197k) and third ( 197k— 1975) winter record ing seasons .

In the documentation of the present proj ect it has been necessary
for pract i cal reasons to assume on the part of the reader a general
fami liarity with the Sh~~ Structure Committee ’s SL—7 measurement program.
The primary backgro und referen ces for the present proj ect are Referen ces 1
throug h k. Reference I is the basic documentation of the full-scale
instrumentation system. References 2 and 3 contain, for both record in g
seasons in question , a quite full account of instrumentation , basic
record i ng, and the nominal circumstances surroundin~ the present data .
These references also contain results of analyses of longitud i na l vertica l
midshi p bending stress wh i ch were carried out accord i ng to the methods of
Reference k.

The first report under the present project is Reference 5. This
reference contains the detail of the selection of the data set for the
1973—197k winter season, the methods utilized in the di gitizat i on, the
calibration of the data, and results of a first analysis of the data.

The second report in the present series (Ref.6) deals with the
analyses wh i ch were carried out so as to produce the basic data reduction
system , and with a descri pt i on of that system.

The th i rd through sixth reports in the series (Refs. 7 through 10)
taken together, are a presentation of reduced results from the 1 973—197k
winter season .



The purpose of the present report is to document the selection
and cal i bra ti on of a d i g ital data set drawn from the measurements
obta ined during the third (1974—1975) winter record i ng season. The reduc-
tion methods employed for the third season data were to be Ident i ca l to
those documented in Reference 5. It was thus the intent to include herein
only items which specifically pertain to the third season data.

THE AVA I LABLE THIRD SEASON DATA

The third winter record i ng season was short relative to its prede-
cesso rs, i nvolving only three trans—Atlantic voyages during the period
17 January 1975 to 17 March 1 975, Reference 3. As noted in Reference 5,
the channels of interes t in the present program were recorded on Recorder
No. 1. Table I suninarizes the voyage numbers, da tes, and the applicable
ana l og tape numbers for the entire season . Also shown is the number of
int ervals of long itud i nal vertical bend i ng stress reduced by Teledyne
(Ref.3).

During the period shown in the table both wave measuring systems
were operationa l . The number of intervals of l ong itudinal stress reduced
in Reference 3 sums to 864. As far as distintly def ined log—book cond i-
tions are concerned, 864 intervals correspond roughly to a samplin g of
220 four—hour watches . In Reference 5, it was considered unreasonable to
select for wave analysis more than one interva l per watch, or to select
intervals not initially reduced by Teled yne (because of the difficulty in
retriev i ng the log—book data for intervals not processed by them). On
this basis the entire available third season data could not i nvolve much
more than 200 watches.

The first stage in the presen t data reduction process, Reference 5,
is to dup licate the original analog tapes for p lay back in intermediate
ba nd FM. Th is was carried out by Teledyne Eng ineering Services for all
analog tapes noted in Table I. As in the case of the second season data,
all thirteen data channels were reproduced against possible future use
by others , thoug h only seven were required for the present work.

I N I T I A L  SCREEN I NG

There were two main points in expand i ng the present program to
include third season data. The first was that a significant amount of
n~~ strain instrumentation had been added. According to Reference 3
the highes t local stresses ever recorded on an SL-7 were recorded during
the th i rd season. Reduction of the correspond i ng wave data was clearly
des i rabl e. The second point was that a new radar unit had been installed
for the th i rd season . It was thus desirable to see if deficiencies noted
in the second season data had been cleared up.

2
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TABLE I

SUMMARY OF VOYAGE AND TAPE NUMBERS ,
SEA-LAND McLEA N, 1974-1975

WINT ER RECORD I NG SEASON

Recorder No. 1 Number of Intervals
Voyage Dates : j~pe Numbers Reduced by Teledyne, Ref. 3

• 59E 1/ 17 - 1 /24/75 201, 203, 205 54, 59, 41

59W 1 /28 - 2/2/75 207, 209 52, 64
6oE 2/7 - 2/15/75 211 , 213 , 215 52, 60, 52
60w 2/18 - 2/24/75 217, 219, 221 60, 60, 13
6 1E 2/28 - 3/7/75 223, 225, 227 56, 59, 33
61w 3/11/75 - 3/17-75 229, 23 1, 233 64, 51 , 31~

The second season data set had been selected in part so that the
set included all of the various nominal shi p speed s, headings , and
Beaufort winds. Accord ing ly, the second season data set was thought to
reasonabl y represent the average as wel l as the severe conditions
encountered by the ship.

It thus seem ed reasonable to approach the select i on of data from
the third season from a different point of view; that is , to concentrate
on conditions wh i ch appeared to b~ of interest in other aspects of the
SL-7 measur~ nent program .

From the point of view of the present objectives , correlation with
the results presented in Reference 11 was of considerable interest. The
work of Reference 11 i nvolved reducing wave data taken by the SL-7 radar
syst~~ and making comparisons with wave data obtained at roughl y the same
time by an airborne laser profi lometer and an airborne nanosecond radar .
The airborne mcasurements were taken hetween 0900 and 1 000 (EST),
6 February 1975, and the shi pboa rd radar measurements were taken more or
less continuously from 0820 to 1400 the same day . It may be noted that
the date of these experiments is not represented in Table I. The experi-
ments in question were evidently done while the shi p was on a coastwise
run to Portsmouth , VA at the beg i nning of Voyage 6OE. It appeared that
the data were omitted in the Teled yne reduction of midshi p s t ress , Refer-
ence 3. The reason for the apparent omission was that the wavemeter data
of 6 February 1975 were speciall y hand l ed and are not included in the third
season data l ib r ~iry . Unfortunatel y, it was thus not possible to p lan upon
a correlation of present results w t h  those of Reference 11 .

The cases of hig h stress presented in Reference 3 i nvolve samp ling
from twenty-six watches in Voyages 60 and 61 . The Recorder No. 1 tape and
index numbers associated with these data are:

3



Voyage 60E, Tape 213, Index Numbers 19 through 28

Voyage 60W, Tape 219, I ndex Numbers 16 through 18
Voyage 6lE, Tape 223, Index Numbers 6 thrc .igh 12

Voyage 61W , Tape 233, Index Numbers 31 through 36

It was des i rable to p lan upon the inclus i on of an interval from each of
these watches in the third season data set.

Other projected overall p l ans for use of the SL—7 data i nvolve
correlations between stress data and anal yt i cal predictions of one sort
or another. It would be antici pated that instances of relativel y hi gh
midshi p bending stres s would be of interes t in this endeavor . With
respect to comparisons of the behavior of the second and third season
radar unit , the deficiencies noted in the second season data were asso-
ciated with severe wave conditions . It thus appeared that interval
selection , over and above the specific cases previous l y noted, could
profitably be biased toward relativel y severe conditions .

It is shown in Reference 3 that the overall sea and wind conditior s
experi enced during the third measurement season were si gnificantl y milder
than those experienced in the prev i ous seasons, and in fact milder than
what would be expected in mid —Atla ntic in an average year . By the stan-
dards of the second season data set the “hi gh stress” watches prev i ously
noted i nvolve practicall y all the severe conditions experienced.

In the context of severe weather, Voyages 34 and 36E were the
mildes t of the second season voyages reduced in that no storms were ev i-
dent, a consisten t 32 knot shi p speed could be maintained and visua l wave
and swell observations were typ icall y 2 to 6 feet . Inspection of the
visual wave, wind and stress data in Reference 3 ind i ated that Voyage 59
was of the same nature -- possi bl y even les s eventful . (In fact at least
a third of the intervals in Voyages 60 and 61 appear to i nvolve extremely
mild sea conditions .)

The conclusion froni the general stud y just outlined was that the
results of a reduction of data from Voyage 59 would be rio more useful
to other efforts within the SL-7 proqram than the results from Voyages
34 and 36E (Refs. 9,10) ini t i a l l y appeared to be. It seemed best to
concentrate efforts on Voyages 60 and 61 where definite sampling require-
ments had been determined , and in which considerable relatively mild
conditions were repres ented.

INTERVAL SAMP L ING

Compressed time scale oscillo grap h records were made of the tapes
i nvolved in Voyages 60 and 6i (the so—called “quick-look” records, Ref.5),
and these were compared with the log-book data of Reference 3 to determine
the final interval sampling p lan .

- ~~
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It was apparent from the quick look records that the most serious
radar problems of the second season persisted into the third season. In

• what appea red to be heavy weather, gross and sudden changes in the mean
were apparent. As in the second season, these changes often occurred
more than once in an interval , thus making the radar data in the interva l
of little practical use. In roughl y 3/4 of the intervals corresponding
to the hig h stress just noted , the radar signal was unusable . The si gnals
of the other pert i nent channels appeared to have few gross defects -- an
occas ional susp icious burst of noise was rioted on the vertical bending
stres s intervals .

The fina l interva l samp ling scheme was thus similar to that out-
lined in detail in Reference 5. For each watch (index number) of interest
accord i ng to the prev i ous l y outlined criteria , there were four intervals
available . One of thes e was selected for digitization accord i ng to rela-
tive freedom from the prob l ems just discussed . In addition , a samp ling
of intervals involving mild sea conditions was selected so as to be repre-
sentative of all headings and shi p speeds available. The result was a
list of 80 specific intervals to be di g itized from the roughl y 150 watches
in which record i ngs were made during Voyages 60 and 61.

The filtering of analog signals , the samp ling interva l , and the
dig itization process was exactly the same as that described in Reference 5.
Analog tape tracks 1 , 3 throug h 7, and 12 were digitized (longitud i nal
vertica l bend i ng stress , radar , roll , p itch , vertical and lateral accel-
erations at the radar pedestal , and the Tucker Meter).

AS SEMBLY OF OTHER PARAMETERS

The raw di g itization files contain little more information than
the original magnetic tape. Quite a number of other pieces of informa-
tion are needed for anal ysis and for correlation.

All the readil y available information about the general circum-
stances associated with each tape and interval is contained in Reference 3.
This information is a tabulation from the TMR log—books of time , shi ps
position , speed, draft , visual observations of weather and wave cond i-
tions , general comments , and the results of the TMR analysis of midshi p
vertical bend i ng stres s. All of the data summarized by TMR for the
particular intervals wh i ch had been dig itized is contained in a di gi tal
summary tape . A copy of this tape was acquired , and the information
required for the present project was abstracted and reformatted for the
Stevens PDP—lO system .

Table II contains a track descr i pt ion for Tapes 201 through 233,
and the values and senses of the pertinent TMR calibration signals.
The values of calibration si gnals and their senses were established in
conferences with both TMR and the des i gners of the radar.
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The values of the calibration si gnals are used directly in the
calibration of the data. Two sign inversions were necessary . PosI tIve
roll starboard side down, positive pitch bow up, and pos iti ve transverse
•JcLel era ti on in a sense opposite to the gravity signa l for a steady hee l
to starboard all suit a coordinate system in wh i ch the x axis is positlve
forwa rd, the y axis is positive to starboa rd and the z axis is positive
downwa rd . In this coordinate systei i positive vert ical acceleration is
an acceleration down so that the sign of the calibration signa l was
reversed for Track 6, the vertica l accelerometer . I n the corrections
to radar range, the range itself is considered positive , so that the
si gn of the radar calibration signa l needed to be reversed also.

It should be noted that the sense of p it ch relat ive to the nomina l
shown in Table II is reversed in the data reduction system, Reference 6,
and that a p o s i t i v e  Tucker meter s i gnal corres ponds to a troug h. All
sense conventions were checked relative to those established for the
second season data , Reference 5, by comparing typ ical oscil lograph records
for low shi p speed .

In the pres ent case the radar and the accelerometer package were
assumed co i nc ident . According ly the locat ion parameters Q)~ Q~, and
ca l led  for in Ref ren~ e I~ were a l l  taken equal to zero .

The radar was aimed r e l a t i ve  to shi p coordinates at an azimuth of
90

0 
and depression from horizontal of 750 ; that is , the radar was or iented

in a p lane normal to the shi p enterline , pointing down and sli ghtly to
starboa rd .

The ncwn i nal distan ” of the radar above the departure waterline
was established with recorded departure drafts furnished by the owners.
The v e r t i c a l  pos ition of radar antenna above baseline was computed from
p lans t~~ be lO(.5 feet , its long itud i na l pos i t i o n  123 feet aft of FP.
The depar tu re  dr if~~s and the resu l t  of the computat ion of i n i t i a l  ver t l—
ru p o s i t i o n  of the radar ar e qiven i n  Table I I I

TABLE I I I

Mean Draf t , Vert ical Posi t ion
Departure of Radar

( f ee t — i nches )  ( feet )

59E 28-8 78.4
c9W 32-1 0 74 .2
60E 30-10 76.2

4 1 — 3  75.8
(
~lE 33—5 73.6
61w 33- 10 

73.27



FIRST ANALYSIS OF D I G I T I Z E D
RESULTS FROM THE TH I RD SEASON

Content

The f i r s t analys i s of d i g itized results had the same objectives
as noted in Reference 5; that is , to develo p the cal i bra t ion, a fe~
sim p le ind i ces of the con tent of each sam p le, and a general check on the
resul ts of the d i gitizing process. The procedures and programs used were
the same as that for the second season data, Reference 5.

V a l u es of the Cal i bra t io n Steps

I t was evident from the first pass calibration analysis (Ref.5)
that the p i tch calibrations were the strongest and most consistently
applied , and the position of the calibrat i on steps was determined from
this channel (the transverse accelerat i on channel had been used for the
s econd season).

Before ind i cating the calibration results for the various channels
the various sensitivities of the elements of the di g itization process
should be noted . The nom i nal voltage sensitivity of the reproduce elec-
t ronics in the analog tape recorder is 1 .414 volts output for a 40% of
center—frequency frequency deviation on the FM tape. The D.C. gai n of
the analog f ilters (Ref.5) is unit y * .5%. The computer was set to
resolve 2-1 /2 volts input into 1 024 parts . The net sensitivity from mag-
netic tape output through fi l te ~ and computer A/D was nearly nominal ,
rang ing from 410 to i+)3 cu/volt depend i ng on the channel. In round
numbers, 411 cu ind i cated by the computer corresponded to 1 volt out of
the tape recorder or a 28.2% frequency deviation on the tape.

The calibration steps are superimpos ed upon the si gna l for the
lo ng itud i na l bending stress channel . As des cr i bed in the TMR repo r ts,
the average of the 10 cal steps and the average of the nine p i eces of
signal between the cal steps is computed . The indicated cal step for
each interval is the average of the cal steps minus the average of the
intermediate p ieces of si gnal . These average ind i cated steps were corn—
puted and listed for all the dig itized intervals . Because the si gnal i s
mixed up with the calibration step in this channel , the typ ical interva l
to interval scatter in what should be a constant is often 15%. However
the average result at the beg i nnin g and end of voyages correlated quite
well over the data set. It was conc l uded best not to believe the ind i-
cated fluctuations and a final cal step of + 420 cu was used for both
voyages . Th is corresponds to a positive 1.03 volt step or a 29% devIa-
tion , both figures nearly exactl y the val ues set up by TMR .

‘The abbrev i ation “Cu” stands for computer units; that is , roughly
1/411 volts into the A/D

. 8
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In the radar calibrations the 10 square waves are imposed with
reference to electrical zero and the signa l is suppressed while the step
is imposed. The ind i cated cal step is thus the average of the 10 Ind i-
vidua l steps minus electrical zero. This calibration was quite steady
from interva l to interva l and tape to tape, the typ i cal var i ati on be i ng 1%.
The cal step was taken as constant over both voyages and equal to + 407 cu.
This is equivalent to + .99 vol ts or a 28% deviat i on, and is equal to the
values wh i ch were setup by TMR.

The cal steps app lied to the roll and p itch tracks were similar to
that for the radar. The s i gna l is suppressed while the steps are on, and
the reference for the si gna l is electrica l zero. Again the ind i cated
average cal step is the average of the 10 individual steps minus electri-
cal zero. The indicated cal steps for both channels were quite steady,
typ ical fluctuations from interval to interval being 1—1 /2%. The cal
steps for rol l and p itch were taken constant and equal to + 187 cu (+.i+6
vol ts, 13% deviation) for roll and + 405 cu (+.98 vol ts, 28% dev iation)
for p itch . Both these values are as expected.

The cal steps app lied to the acceleration channels were effectivel y
superimposed on the mean si gnal level , though the signa l was suppressed.
Accord i ngly, the average cal step was derived by averag ing the 10 ind i-
vidual steps from each interva l and subtract i ng from this result the mean
of the first 4 minutes of si gnal wh i ch was felt to be a sli ghtl y better
estimator of the mean signal level during the calibration than the short
p ieces of signal between cal steps . The stability of these results from
interva l to interval was fair. The cal step for transverse accelerat i on
appeared to be + 155 Cu ± 1-1/2% for all tapes (+.38 volts , 11% deviation) .
The step for vertical acceleration scattered ± 4%. An average value of
+ 97 cu was taken for this step (+0.24 volts , 7% deviation) , it being felt
that the scatter was due to variations of the estimate of sample mean .
Though scatter in sample mean for this channel appeared no larger than
that for other channels , it was a much larger percentage of the calibra —
t ion Swing .

The Tucker meter cal step was computed in the same way as for the
accelerations . Interval to interval fluctuations were smaller (typically
± 1%), and were attributed to fluctuations in samp le mean. The cal step
was taken constant and equa l to + 387 cu (+0.95 vol ts, 27% deviation)
which is as expected from the orig inal setup.

Zero Stability and Saturation

Enough data from the first pass anal ysis was available to check if
the di g itization h~~ been started correctly during the electrical zero for
each interva l . The ind i cations were that it had not been in e few inter-
va l s . These were discarded as far as subsequent anal ysis was concerned .

In princi p le, the average value for the dig itized electrical zero
for each interva l is the reference level for that interval , irrespective
of its deviation from zero volts i nput measured at the computer 
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interface. However, the magnitude of the offset of the tape e lec t r ica l
zero is an ind i cator of bias or zero sta bility of the entir e system,
including original si gnals and tape deck, and that of all the subsequent
analog processing equipment. The general zero stability of the whole
process is perhaps best jud ged by the zero stability for the roll and
pitch channels. Electrica l zero in these channels corres ponds to a center
tap on the potent iometric transducers rather than to the open circuited
tape deck i nput utilized to create a zero on some other channels. In the
case of ro l l  and p itch the average offset throug hou t the data set was
about 170 my with what appeared to be random fluctuations of ± 50 my .
The typ ical mean electrical offset on other channels was in qenera l not
far different. A mean offset of 170 my represents 8% of nom i na l fu l l
scale for the p lay back recorder . Absolute tape speed errors in the fou r
recorders in the process could conceivabl y add up to this offset niaqni-
tude, to say nothing of small offsets in other analog components of the
system. The fluctuations in offset of the p itch and roll channels ~.‘nount
to ± 3% of nom i nal full scale of the p lay back recorder . Th is ,.too could
have been inj ected by the sum of absolute tape speed errors of orig inal
and final p layback recorders . Overall , the apparent electrical offsets
of the ori g inal electrical zero appea r at least as small as could have
been expected , thoug h they are somewhat larger than thos e exper i enced in
the second season data , Reference 5.

The fina l check on the validity of the di g itized intervals was for
saturation . As far as the di g ital part of the process is concerned all
si gnals levels within ± 2—1/2 volts were resolved , si gnals outside this
range appear di g itized as the max i mum possible number (± 1 023 cu) . The
filters interpos ed between tape dec~k and computer have a ± 10 volt linear
range. The tape machine used in p lay back has a nomina l minimum linear
reproduce electronics output range of ± l .L~l4 volts . In the present case
the reproduce electronics are acceptably l Hed r to ± 1 .75 volts (50,
si gnal deviation .) Their output deviates progressivel y more from linearity
as output voltage increases beyond 1 .75 volts to some fi gure above 2 volts
where the FM demodulator goes mad and produces wild fluctuations of output
S i gnal .

Saturation is thus controlled b y the ana l og tape p lay back mach i ne.
In the present case a di g itized number correspond i ng to les s than 1.75
volts was considered unsaturated . Results between 1 .75 and 2.0 and 2.1
volts were considered questionable. Di g itized results of 1 023 cu or —1023
Cu were almos t certainl y a result of over saturation of the tape .

The extremes of the di g i tized samp les were viewed with these
criteria. In one or two ins tances there appeared to be excessive tape
saturation and these intervals were disregarded in subsequent anal y s i s .
After these discards and the others noted prev ious ly the data set had con-
t racted from 80 to 73 intervals . Of these, there are onl y three in tervals
where some question exists . Two ins tances involve the radar si gnal on
Tape 211 , Voyage 60E. Intervals 26 and 30 contained extremes of 1 .8 volts .
I n  Voyage 6 lE , Tape 225, Interval 57 the long itudinal l’ending stress con—
tam ed an extreme of 2.0 vol ts . In general , the mild conditions experienced

10
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in the third season, as wel l as some evident reducti ons in gain, resulted
in a da ta set rela ti vely free of sa tura ti on.

An additiona ) check on the validity of the data was made by form-
ing the ratio of the range of sample extremes (largest ... .smailese) to the
computed rms . If the statistics of the maxima of the processes Involved
follow the Rayleigh distribution (as dIctated by custom and convent ional
w isdom) this ratio should lie between 5 and 8 in 90% of all samples of
100 or 200 maxima . I n the 73 Intervals In the data set this ratio ranged
from 5 to about 30, depend i ng on channel . Table IV sunmarizes for each
channel the percentage of intervals in wh i ch the ratio of range to rms
lay outside the 5 to 8 acceptance range. The resul ts look fairly consis-
tent with the statistica l assumpt i ons, and not far ‘d i fferent from the
correspond i ng results from the second season data, Reference 5.

TABLE I V

SUMMARY OF INCIDENCE OF FAILURE
OF RANG E/RMS TEST

Percent of Intervals in which
ratio of range to rms was out—

Channel side range between 5 and 8

Longitud i na l Vertical Bending Stress 11%

Radar iB%

Roll 4%

Pitch 11%

Vertica l Acceleration 6%
Transverse Acceleration 7%

Tucker Meter 3%

SUMMARY OF DIGITIZED INTERVALS

TMR Log-book Data

The las t stage of the samp ling and dig itization phase of the
project was to gather together the various parameters and scale up some
pertinent results from the di g itization . The product of this operation
was four tables ; these are intended to serve as a lis ting of whIch inter-
vals  of thos e d i g itized were to be considered in subsequent analyses,
as well as a summary of the surround i ng circumstances and of the raw
digitized signal magnitudes . Each table pertains to one of the four
voyage legs , and is divided into four parts (a through d).

I I



Parts a and b of each table contaIn the log—book data extracted
from Reference 3. Wi th the exception of the first column of each page,
the meaning of each entry is that established by TMR. The firs t column
Is the run number assigned to each interval during the di gitization at
D.L. This number is reta i ned for identification in subsequent parts of
the table. The draft column in part a of the tables is blank because
draft was not recorded during the third season (Ref.3).

Compar ison of TMR and Raw D.L. Results for Longitud i nal Stress

Part c of each table is a comparison of results from the present
di gitization with that at TMR. Five columns are stress results obtained
at TMR. Stresses are presented in thousands of pounds per square i nch .
The col umns marked 6 throug h 8 are from the present di gitization . The
probable resolution of the analog tape recorder is ± 1% of full scale.
Th i s, accord i ng to the values of cal steps established previousl y, corres-
ponds roughly to ~0.l kpsi so that the two decimal p laces shown for
stresses are optimistic .

Though it was not within the objectives of the present work to
produce anything havin~” to do with recorded midshi p bending stres s, it
was fel t prudent to digitize th is channel and make rudimentary compari—
Sons with the results obtained by TMR. The main reason for this decision
was to increase the credibility of the data processing methods described
in this report. If the present results and thos e of TMR , Reference 3,
were to diverge by unreasonably large marg ns, systematic errors in the
present process would be suspected to exist in the data channels of
primary interes t as well as the midshi p bend i ng stress channel .

Unfortunatel y the quantities compared in part c of the tables are
in a strict sense, different things . This comes about because the two
data reduction procedures are different and because the portions of the
data interva l actuall y ana l yzed was sli ghtly different . Figure I illus-
trates some of the difference. ,. The top sketch represents the comb i ned
vibratory and wave induced stress actu all y recorded . In the present
ana l ysis the larges t and smalles t comb i ned stress were extracted . Sub-
traction of the two y i elds “range of recorded extremes” as noted in the
figure , and recorded in col umn 6 of the tables . This number is compar-
able in princi p le to that produced by a mechanica l scratch gage. The
largest and smalles t instantaneous stress are not necessaril y associated
except that they were observed in the same 20.5 minute samp l e. The second
item obtained in the present analysis was the process rms, wh i ch i s the
square root of the mean squared deviation from the samp le mean for the
ent i re time history anal yzed . The numbers produced by the TMR anal ys i s
were derived after two filterin g operations separated “wave induced
stress” and “v i bratory s tr ess .” Sketches of the result of this operation
upon the raw stresses are ind i cated in Fi gure 1 . The TMR ana l ysis pro—
duced onl y one number from the vibratory part of the siress , “the max i-
mum firs t mode stres s.” As noted in Fi gure 1 this is just trie largest
double amp litude of vibration in the record . (it should be noted also
that the TMR ana l ysis recorded zero vibratory stress if the maximum
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vibration double amp litude was less than 0.4 to 0.6 kpsi .) W ith respect
to the “wave induced stress” the basic TMR ana l ysis is a “peak to t rough”
anal ysis; that is , a series of numbers repres ent i ng the swing in stress
(double amp litude) from each positive maximum to the succeed i ng negative
minimum (the zero crossing convention is emp loyed) . A computation of the
root mean square of this series of double amplitudes y ields the number
g iven in col umn 4 of the part c tables . Finall y, the larges t wave induced
double amp litude is extracted and this number appears in column 3 of the
table.

Now considering a comparison of the present “range of recorded
extremes” with the TMR results i t  should first be noted that the “range
of recorded extremes” could be exactl y equal to the maximum peak-troug h
wave induced moment or pract i ca ll y equal to the sum of maximum wave
induced and maximum vibratory double amp litudes . Given the non-idea l
characteristics of rea l data (the sketches in Figure 1 are fairly rea l-
istic) the above is most unlikely. Thus , as far as correlations with
the TMR results are concerned, the present range of recorded extremes
would be expected to be larger than the maximum peak to troug h bend i ng
stress found by TMR ; and quite possibl y smaller than the sum of the TMR
maximum peak to troug h bend i ng stress and the TMR maximum first mode
stress . At the ri ght of the table the rat i os of the corres pond i ng
colixnns are formed .

Col umn 7 in the “c’s part of the tables is 2 /2 times the scaled
up stress process m s . This estimate should compare with the value given
by TMR for “rms P to I stres s,” accord i ng to the Ray lei gh assumption in
common use. How well these latter two estimates compare is indicated by
the ratio of col umn 7 to 4 shown at the ri ght of the table.

Column 8 of part “c” of the tables is the scaled differenc~ of
the samp le mean of the interval noted , from the samp le mean of the first
interval di g itized in each voyage leg . This quant i ty should ref l ect the
effects of ballast changes during the voyage. Direct correlation with
results produced by TMR was not attempted .

Given the present state of knowled ge about how the extremes of
vibratory and wave induced stress ought to comb i ne, and the extent to
wh i ch the Ray lei gh assumption is generall y valid for wave induced stress ,
there seemed about as much chance of the expectations being wrong as
the various anal yses . In any event, the comparisons of the two differ-
ent sets of results imp lied that no gross systematic prob l ems were
present in the pres ent data reduct i on scheme.

Magnitude of Radar , Motion and Tucker Meter Si gnals

Part d of the tab l es i nvolves scaled up ind i ces of the magnitude of
radar , roll , p itch, vert ica l  and transverse acce le rat io ,~, and Tucker meter
si gnals. The first index in each case is 4.0 x the rms . This is a con-
ventional approach to the si gnificant double amp litude (or the average of
the 1/3 hi ghest double amp litudes) .

14 
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The second and third indices are the positive and negative extremes
for each channel . The extremes observed for roll and p itch were corrected
for elec t rica l zero on tape before scaling . The extremes for all other

were corrected to the sample mean before scaling . As a consequence,
shi ft s in the mean of the radar are washed out, and the one “g” bias in

~emtica I acceleration disappears . The extreme values shown are usuall y
reasonably s”nm etrica l , and , as was pointed out in a prev i ous section ,
bea r a be li evable relationshi p to the rms value.

The resolution of each channel on the basis of ± 1°/ of nom i nal
full scale ‘f the tape recorder is approx i matel y as follows :

Radar ± 0.7 ft

Roll ± 0.3 degree

Pitch ± 0.15 degree

Vert i ca l Accelerations ± 0.03 g

Lateral Accelerations ± 0.02 g

Tucker Meter ± 0.2 ft

The resolution of the accelerometers is si gnificantl y different
from that estimated for the second season (Ref .5). Part d of the tab l es
indicates that the rms si gnal magnitudes on the acceleration channels are
quite often not much abov e the expected tape noise level. Resolution of
the other channels is not very much different than that of the second
season data , Reference 5.
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TABLE Va
SUM~ A RY CF TM P ICG— BCIJ K DATA CORRESPONDING TO

~N TE RV 41S SELECTE ’) FCR W AVE METER DATA REDUCTI!I N fPA CE 1 OF 2)
S E A  LA N D PC L E A N  $ 1 9 7 4 — 1 9 7 5  W I N I F I  S E A S U N  z V O Y A G E  60 EA S T

fl . L .  TM ’  IMI 3M’
RUN 12P~ IN(T l I N T V  T i M E  SPE E D PROP D RAFT S E A / A I R
NC.  Nf l .  NO.  NO.  f l A T E  I U M T P  L A T I T U D E  L O N G I T U D E  C ’ 3 U R S E CI .  R PM  PT .  T E MP

2 ) 2 6  2 1 )  7 26 32 2 8 — 7 5  0402 16-46 $~ 73~~~4 W 094 29 .5  12 8 . ?  66 /56
2 1 1?  2 1 1  0 ‘7 1 2 — 6 0 — 3 5  I’ll 3 6— 4 6 N 73— 44 w 094 2 9 . 4  120.5 7 0 / 5 0
2)33 2)1 9 31 2 2— 1 0 — 7 5 1210 36—46 N 73— 64 w 294 29.5 123 .7 b~ /59
2 l ’ O  2 ) 1  10 15 1 2 — 2 0 — 7 5  1670  3 6 — 2 2  N 6 0 — 1 4  W 294 29 .5  1 21 .0  61 /40
2205 2 )3 1 7 5 82—19— 15 2 2 0 2  3 5 — 1 2  N 46— 42 W 272 19.5 72 .0 62/62
22 79 11 3 2.0 9 2 2 — 0 9 — 7 5  2421 3 5 — 1 2  N 46— 42 A 072 19.6 00.7 62/55
72 )1 2 ) 3  19 11 2 2 - 1 1 - 7 5  1400 3 5 - 1 2  N 4 6 — 6 2  V 072 19.7 00.9 61/59
i f l’  21 3 23 17 2 2— 1 0— 1 5  ZB02 3 9 — 1 2  N 4 6 — 6 2  V 372  19 .6  00 .6  61/Sq
2 2 2 1  21~ 2 1  2 1  Q ’ — ~~1 — 7 5  1220 11—2 0 •1 17—42 A 313 19 .0 01 . 9
2 2 2 5  213 22 25 1 2 — I l — i ’  1672 37—21 N 17— 42 A 073 20.7 14 .° 59/6 5
222’ )  2 13  23 2~ 1 2 — 1 e — 7 5  2202 3 1— 21 ~ 37— 40 w 073 20 .1 64 .0 54/50
72 13 213 24 33 0 2— U — i S  2482 3 7—2 0 N 17 42 A 073 20.0 65.3 57/57
223 1 2 13 25 3 7  2 2 — 1 1 — 1 5  1400 3 7 — 2 7  N 3 7 — 4 1  U 073 20.0 05.2 SQ/5$
2 24! 2 1 3  26 41 2 2 - 1 1 — 7 5  OL’J 37-20 N 37-SE A 573 28 .0 05 .4  50/ 5*
224 5 2 1 3  27  ‘~ 2 2 — 1 1 — 7 5  1202  3 9 — 4 0  N 27—S I  A 073 21 .0 05.3 56/6 0
224 9 2 1 3  20 49 2 2 — 1 1 — 7 5  1601 3 9—41 N 2 7— SE A 673 20 .9 0 5 . 0  57/ 68

TAB L E Vb
S U M M A R Y  OF T MR L CG— ROLJ K D A T A  CORR E SPO N D ING TO

T N ” E R v A L S  S E L E C T E D  FGR W A V E  M ET ER DAT A R EDUCTION ( PAGE 2 OF 2)
SEA LA 2 * PC L E AN * 1~~7 4 — l 9 7 5  W I N T E R  SEASON I VOYAGE 60 EAST

0.!. • (III. W I N D )  RE !  W A V E  R E !  ( — S w E L L — )
RUN S E A  0 1 k / S P E E D  W A V E  IT .  S w ELL  HI LENGTH
‘ 0 .  S T A T E  / 1 9 1  I 0 19 FT . DIR F T .  F T .  V I S U A L  W E A T H E R  /IHI LOG— l OO k CO NkENTS

212 6  6 161P/ 25 I6IP I 139 P I? 620 O C A S Y  /
2) ~? 1 I ;Q0/33 l’~~P ‘ 1192 10 623 O C A S T  /
2 1 3 3  6 1 39P /25  119’  3 1 3 0 2  12  603 O CA $T /
2 1 ) 5 1 1 6 1 2 / S O  16I P ‘ 1612 17 630 J CA S T  I
2225 4 % 3 9 P / ; 5  139 P 2 139 2 0 623 O C A S T  /
7229 3 ))7P/;P II? ’ 1 392 6 620 PT CLOY /
2 2 1 3  2 1 ; 7P /  5 fliP 3 1392 12 020 PT CLOY F
2217 4 1I7’/15 fliP 3 )19P 12 010 P1 CLOY /
222 1 4 flI P /IC III’ 1 140P 16 803 PT CLOY /
2225 2 )43PF 5 161’ 2 l ’ OP lb 013 P T  C L O Y  /
22 29 3 I o 3 P / I 3 flI P 1422 lb 020 P 7  CLOY /
223 3 3 15 2 5 / l I  152S 1 1 ) S P  IS 018 PT CLOY /
2237 3 17 45/10 1745 3 1102  16 083 PT CLOY /IOLLIN G IN IS FT SWELLS
2 24 1  5 1 7 4 S / 2 0  174 5 4 1102 16 020 PT CLOY /
2 2 4 5  ~ 1 7 4 5 / P S  174 5  4 1102 lb 600 PT CLOY /
224 9 S 1525 /21  1325 4 1)02  14 788 PT CLOY /
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TABLE Vc

C fl’I PA R IS~
)N OF IM P RESULTS FOR MIDSHIP V E R T I C A L  BFN ’)I NG STRESS

w IT H CO RRESPO NCI NG RAW DIGI TIZA T ION RESULTS AT OAV !L)SON LAB O RATORY

$ F *  L AND 9( L P 8 3  1076-19 7 5 W I N T F R  S E A S O N  V O Y A G E  60 F A S T  

I N S R ’FSUL TS > ‘ ( — —— — f l .L .  O I G ! T I ZA I I O N — — — ) S (— — C O L U H W  R A T I O S — — >
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7 3 2 6  5 65 0 6 . 45 2 . 4 9  0 . 2 0  • 8 . 5 1  3 . 1 7  0 .74  • 1 . 2 7  1 .5 6  1 .56
2 1 3 1  • 6 1  2 8 . 0 2  2 .9 ’ . 1. Q 0  • 0.74 1 .44  1 . 0 3  • 1 .1 7 1 .29 1.29
2 ) 3 3  • 12 0 5 . 7 2  2 . 3 5  0 . 2 0  • 6.63 3.2’ 2.95 • 1 . 29  1 . 16  1 . 16
2 ) 3 8  S 0 0 4 . 2 9  2 . 2 6  0 . 00 • 6 . 65 2 .6 4  1 . 5 4  • 1 . 2 8  1 . 5 5  1 . 55
2 2 2 5  • 71 2 c . 2 S  2 . 1 8  0 . 2 2  • 5 . 93  2 . 4 0  1 . 8 7  5 2 .96  1 . 1 3  1 . 1 3
7229 a 7 3  0 5. 65 2 . 9 )  0 . 0 2  • 6.’4 7 .16 1 . 6 7  • 2 .9 ’  1 . 1 6  1 . 3 4
2 2 1 1  * 79 2 4 . 5 9  2 . 8 1  2 . 0 2  • 7 . 2 6  3 . 0 7  1 . 5 5  • 1 . 1 0  1 . 1 0  1 .10
7 2 ) 7  • 78 0 6 . 9 0  3. 29 0.~~2 • 1.71 3 . 7 8  1. 46 • 1 .24 1.13 1. 13
2 2 2 1  ‘ 17 0 6 . 7 7  3.32 8.00 • 7 .’) 1 .17 1. 68  S 1 . 30  1 .13  1. 13
2 2 2 5  ‘ 66 0 6 . 5 7  3 . 8 3  0 . 0 2  • 6 .9 4  3 . 5 6 2.02 • 2. 9)  1 .24  1 .84
2279  S 65 2 9 .10  4 . 2 7  0 . 02  ‘ 9.15  3 . 9 3  1 . 3 3  • 0.93 1.01 1.01
2711 • 6 5  0 6 .91  3. 49 2 . 0 2  5 0 . 3 0  1 . 53  1 . 72  • 1 .01 3 .20 1 .20
2 2 3 7  S 76 0 6 . 0 2  3.13 0.08 • 7 . 2 6  3 .) ’ .  1 . 7 4  5 1 .01  1 .2 7  1 . 07
2 2 4 3  • 61 0 4 . 9 8  3 . 2 3  1 .0 0  * 7.65 3 . 3 3  0 . 95  S 1.02 1 . 3 0  1 . 1 0
2245 • 12 2 7 .17 3.53 2 .80 • 7.92 3.43 1 .07 • 0.96 1 . 1 1  1 . 1 1
22 4 9  • 67 1 5 . 7 6  3 . 2 1  0 . 2 2  • 6.61 3 .22 1.73 • 1.0 0  1 . 1 5  1 .15
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‘ I ’ M  1 9 .  3 6 .  — 1 6 .  2 .9 0 .  — 3 .  2 . 1 1. 2  — t . 1  2 .18 2 . 2 ~~‘ . I  8 . 3 4  2 . 2  — 0 . 2  2 .  2 .  — 7 .
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2 2 1 3  1 7 .  1 4 . 11 . 3 2 . 0  II. — 1 9 .  1.8  0 .2 — 2 . 5  2 . 5 4  1 .9  — 2 . 1 1 .75 0 . 7  — 2 . 3  5 .  4 .  — 5 .
2 7 ) 1  19 .  11, . — 1 6 . I ? . ?  II. — 9 .  ( .8  2 . 3  - 3 . 2  .7. ’’ 2 . 2 — 3 . 3  2 . 25 7 . 2 — 7 .2  6. 5 .  - 5 .
2 2 7 )  2 2 .  Ic . — 3 9 . 1 2 . 7  3 2 .  — I I .  2 .5  2 , 3  — 3 . 3  0.27 2 .3 ‘ . A . 2 c  2 . 2  — 2 . 2  8. 7. — 6 .
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22 11  II. 20 .  — 1 9.  1 6. 1  I I .  — 1 ’ . 1.5 1.3 — 1 . 1  0 . 2 2  2 . 2  — 2 . 2  8 . 1 2  0 . 3  — 0 . 2  5 .  6 .  — 6 .
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2 3 °  73 , 3 g 7 — 7 ) — 7 c  / . . ‘ ,‘ 3 9 — 4 7  ~1 1 1 — 2 2  2 2 7 0  77 .1 1 ) 3 . 4 5 8 / 5 5
2 433 21 9 I 9 £ 2 - ’ 1 — 7 5  2 . ’ ’  39-41 6 45 - 22 a 27 3 21 . 1 37.4 62/49
2 4 ) 3  2 1 9  1*  3 3  3 ? — 2 l — 7 ~ 1 6 , ’ 3 . — N ’  ~ 4 5 — 2 C  2 7 ?  2 1 . 3  89 .5 6 2 / 5 0
2 ’~~” 2 ) 9  2 2  2?  / 2 — 7 1 — 7 6  / 2 7 . 7  3 9 — 5 3  N ‘‘~ —~~~/ A 2 7 8  2 . 6  9 . 8  6 6 / 64
2 1 . 2 4  2I~~ 2 1  2 4  ‘2 — 2 1 — 7 5  2 4 k . ;  3 Q — 5 4  9 4 5 - ~~ / A 2 7 2  2 1 . 8  8 9 . 3  6 7 / 4 7
7 . 2 3 ’  2 ) 9  ‘2 26. 1 ’ 2 — 2 7 — 7 ~ ~ 6. ’ .’ 1’- - ’ 3 4 4 c — 2 , l  2 2 7 2  2 2 . 3 9 1 . 4  6 6 / 6 5
2 6 3 3  2 ) 9  71  1’ ‘ 2 — 2 2 - 7 5  / 6 1 2  1 , - 5 3  5 4 5 - ? . ’ 9 2 ’2  2 2 . 3  9 1 .6
24 3 3 2 1 9  2’. 33  / 2 - 2 7 - 3 5  ( 2 / .  3 9 5 1  N 4 5 — 2 /  2 2 7 0  2 2 . 4  9 1 . 7  6 2 / 4 8
?‘ 17  21 9 2~ 11 / 2 _ ~~7~~74 3 * ’ 2 2  3 4 — 4 4  4 6 7 - 0 5  w 2 7 2  2 1 . 8  2 9 . 6  5 9 / 4 9
2 4 4 ?  2 1 9  ‘6 62  2 2 — 2 2 — 7 5  2 / 1 2  3 9 — 4 4  5 5 7 — 0 5  U 2 7 ?  7 1 . 6  6 0 . 6  7 3 / 5 0
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TABLE V i b
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2 1 ? I  2 7 / 7 /  7 . ” I 127  4 1 3 ,3 U C R 5 T  F) ,., /
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7 4 7 1  4 4 - 4 P / ’ S  ,, 1P c 2 2 S  3 2  62 .1 4 * 1 9  /
2 4 2 9  7 2 ’ S / S .’ 2 2 5  2 2 5  14 8 7 ?  R A I N  /
2 4 ) ’  I o l S /  7 6 7 5  2 6 1 7  0 2 . ; ?  U C A 5 T  /
24. ’1  3 “ / P f  3 92° I 2 2 5  8 9 0 7  J r A S T  /
24 2’ 1 2 / 1 3 3  7 2 6 7 5  5 5 7 3  ~ ( 4 5 T  /
2 4 ? ”  2 6 7 5 /  5 6 1 5  2 4 4 5  6 ,’ .’ 7 ( 4 5 7  /
2 4 31’ 2 6 7 5 /  5 6 7 3  2 ~~~S II 622 3 7853 ’ /
2 4 3 9  1 . . 5 5 / 1 ~~ 6 5 $  S 6 5 5  10 e?4 3(453 ’ .‘
2 4 3 7  0 6 7 5 / 1 5  6 7 5  7 4 6 $  I? 4 7 7  0 7 * 5 3 ’  /
2 4 4 2  0 4 3 5 / 3 5  4 * 5  7 4 3 3  6 6 . 1 2  0 ( 4 5 1  /
24 4 2  ‘. 4 1 5 / I S  4 15  4 4 1 5  6 6 ? ’  3 3 7 * 5 1  /
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24~~? • IR S 7 2 . 1 6  2 . 9 0  2 . 9 1  • 1 .34  3 . 2 3  2 . 5 4  • I . 2~ 1. 73 1 . 5 5
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2 4 4 2  0 7 7 6  0 3 . 1 2  1 . 6 4  8 . cl • 6 . 6 6  2 ,2 3  2 . 5 3  • 1 . 2 4  1 .2 0  1 . 5 2
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